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We, Cai*i]Fohnia Reseaiu:h Coepoba- 
TION, a corijoration. duly organised under 
tlie laws o£ tlie State of Delaware, 
TTnit&d States of America, and Laying? 
offices at 200, Busli Street, San Francisco 
4 California, United States of America, 
do kexeby declare tlie invention, for 
wkidi we pray that a patent may be 
granted to ns. and the method oj which 
if is to be performed, to be particularly 
described in and by the following state- 
ment: — ^ . 

This invention relates to a process tor 
the production of polymers from nor- 
15 mally gaseous olefin hydrocarbons by 
means of a polymerization process 
employing a phosphoric acid mm cata- 
lyst La particular, the invention relates, 
to improvements in the polymerization 
processes employing as the catalyst a film 
of phosphoric acid adsorbed upon aoi 
inert, non-porous support. ^ 

It has been previously recognized and 
commercially accepted that phosphoric 
25 acid catalyses the polymerization of nor- 
mallY gaseous olefin hydrocarbons to pro- 
duce" liquid polymers of substantial ^alu^^ 
as antiknock constituents of motor fuels 
and gasoline blending components. The 
types of polymerization processes utilia- 
ino- phosphoric acid as the catalyfac agent 
may be divided into two classifications: 
(1) processes employing a so-called "solid 
phosphoric acid cfettalyst " which bears 
35 reference to a pelleted or extruded 
catalyst consisting of an inert porous 
clay-type of support impregnated wilOi 
phosphoric acid such as phosphoric-acxd- 
impregnated Ideselguhr; and 2) pro- 
cesses nsing the so-caUed /* film acid 
catalyst" which . consists of a film oi 
phosphoric acid adsorbed upon an inert, 
non-porous type of support as repre- 
sented hy phosphoric acid adsorbed on 
45 quartz cliips. • -u- 

The polymerization reaction is £^1??^?^^ 
exothermic and must be closely controlled 
to prevent undesirable polymer forma- 
tion and decomposition of product into 
[Price 2/8] 
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coke and other carbonaceous matter. In BO 
addition, llie phosphoric ^cid catalysts, 
and particularly the impregnated porous 
catalysts, are very suscejjtible to exces- 
sive temperature , changes in this reaction 
which results in maxhed changes in 
catalytic activity and, in the case of the 
so-called " solid' catalyst in a physical 
deterioration of the calalyst support 
structure. 

Various methods of temperature con- 
trol have heretofore been proposed and 
applied to the polymerization process. In 
the main, all of the operable proposals 
involve the use of an inert diluent or heat 
exchange medium, such as the satnrated 
hydrocarbons obtained as; stahilizer over- 
head, which is blended with the reactive 
feed' and /or injected _ into the reactor 
between tne spaced catalyst beds. Effect 
tive temperature control is only attained 
by the use of sufficient inert diluent to 
reduce the olefin content of the total 
reactor charge to a point where the heat 
capacity of the reaction mixture is suffi- 
cient to absorb the heat of reaction with- 
out excessive - temperature rise. This 
naturally requires a reduction of olefin 
concentration of the feed and places a 
maximum allo\\^able olefin concentration 
in the total reactor feed for a, given tem- 
perature rise through the reactor. Here- 
tofore, it has been practically unfeasible 
to operate this tjrpe of polymerization 
process with a total reactor charge con- 
taining greater than 35% olefin concentra- 
tion when charging a — ^C^ olefin feed, 
irrespective of the particular method of 
temperature control employed. 

According to the present invention it 
has been found that a marhed improve- 90 
ment in the efficiency and conduct of the 
film-acid process is attained hy the injec- 
tion of cold, reactive olefin. feed at a 
plurality of intermediate positions with- 
in the catalyst bed. Although the pri- 
mary effect of this feature is a more em- 
cient method of temperature control 
throughout the reaction zone, additional 
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sigiiificant imja-ovements are obtained 
wJiick are coincideiLt witi the use of the 
film-acid type of catalyst. 

In its genjeral perspective, the present 
o process is adapted to the polymerization 
of low-boiling or normally gaseous olefin 
hjrdrocarbonjs to produce selective liquid 
polymers ranging from the dimers 
through the tetrameis. The olefin feed is 
iU conventionally warter-washed remove 
nny traces of deleterious nitrogen com- 
pounds and is brought up to the desired 
reaction pressure. l:he pressxirized stream 
is divided by a proportioning- means into 
1& a feed stream and a quench stream. The 
feed stream is passed through a preheater 
or lieat ^changer to raise the tempera- 
ture to the desired polymerization tem- 
perature while the quench stream by- 
20 passes the lieater and is injected into the 
catalyst bed as a cold stream. The feed 
stream in either liquid ox vapour form is 
introduced to the top of the catalytic 
reactor, which is filled with a catalyst 
25 consisting of a phosphoric acid film 
adsorbed on an inert non-porous supjport. 
As desired, the disposition of catalyist 
within the reactor may be in the form of 
graduated and spaced beds or a& a single 

30 solid bed. This latter type of reactor i?: 
to be preferred, since it reduces the size 
of the reactor for a given catalyst 
volume and avoids the necessity of 
catalyst bed supports and tiie increased 

35 difficulty in paclSng which are requisite 
when operating with an impregnated 
porous catalyst support. 

The pressures maintained in the reactor 
are rrenerally upward of about 150 psig- 

40 and th^ feed stream is introduced into 
the reactor at temperatures within the 
ransre of about 250 to 400" F. The par- 
ticular optimum polymerization tempera- 
tures and pressures are dependent upon 
45 tile design of the system and especially 
the molecular weight and concentration 
of the olefins, in the charge. A careful 
and critical control of temperatures with- 
in the catalyst bed are required to avoid 

50 coke formation and excessive polymeri- 
zation. Pox all practical purposes the 
catalyst temperatures should not exceed 
about 480** F. in order to minimize 
coking. 

55 Th^ temperature control is effected by 
the injection, of cold feed or quench 
stream in. ^ a plurality of intermediate 
positions directly into the catalyst bed. 
Th.e number of cold f^eed inj/eotions is 
.60 dependent upon the allowable temperature 
rise through the catalyst bed and the ole- 
fin concentration in the feed. In this res- 
pect, the subject film-acid catalyst 
allows a greater* flexibility in tempera- 
65 tare variation than an impregnated 



porous catalyst without noticeable effect 
on catalyst activity. As a general design 
criterion, the cold feed injection points 
are displaced so as to allow a TTifl-g-iTmrm 
of about loC F. temperature rise idxrough 70 
the catalyst bed or between injection 
points within the reactor. 

In this type of operation, the olefin 
concentration is high at the inlet of the 
reactor and decreases progressively 76 
throughout the reactor. The rate of reac- 
tion and, hence, the rate of heat evolu- 
tion varies accordingly, so that for given 
temperature limits it is necessary to vary 
the bed size between the injection points 80 
of the quench stream. The distance 
between injection points, or the depth of 
catalyst beds between injection points^ 
will increase progressively .throughout the 
reactor. The size of the various beds 85 
between quench points will depend upon 
olefin concentrations of feed, olefin com- 
position, and the allowable temperature 
rise. At these injection points, the cold 
feed is preferably injected directly into 90 
the catalyst bed, such as by means of a 
distributor or spider embedded -in the 
catalyst. In addition, the amount of 
quench stream supplied at each of the 
injection points reqxiired to keep the r«Bto- 95 
tor in heat balance will vary from point 
to l)oin*, and generally increases with 
the position of the injection point through 
the reactor. Purthemaore, because of 
changes in rea<ition variables, such as 100 
feed rate, feed comjjosition, and catalytic 
activity, the distribution of quench 
stream to the various injection points wiH 
vary with time. 

One of the added features of this, pro-^ 10ft 
cess is an automatic control system which 
operates to maintain a balaaice of tem- 
perature control throughout the cata- 
lytic reactor by controlling the quantities 
of cold feed to each of the injection no 
points. This control system is Dredicated 
upon the use of temperature controllers 
located within the reactor just before 
each of the quench points and at the out- 
let of the reactor. The amount of cold 115 
feed injected at each of "the quench points 
is controlled by /fche temperature con- ■ 
troUer just previous to the next quench 
point, and finally, the outlet of the reac- 
tor. This temperature controller is set for igQ 
the desired maxi-muTn. catalyst tempera- 
ture, which may range from about 370 to 
450° P. Accordingly, the amount of feed 
passing through the preheater is that 
which is not taken up by the quench 125 
streams, and thus, the distribution 
between preheated feed azvd cold quench 
feed will be varied automatically as neces- 
sary. For example, when the catalyst is 
active, the degree of conversion and, 130 



BEST AVAILABLE COPY 



680,605 



hence, tlie amoimt of lieat released, will 
he liiglier tLaa normal, so that tlie total 
amount of quench required will he greater 
than normal; whereas, as the catalyst 
5 becomes spent, lesser amounts of the feed 
wiU be injected as quench streams and 
more will be preheated and passed 
through the entire reactor. Likewise, the 
distrioution of quench to th© various beds 
10 will be automatically varied with time; 
for example, with a fresh catalyst the 
amoxmt of reaction occurring in the first 
few beds will be greater than norm.al. 
This requires that a greater proportion 
2J of the cold feed quench be distributed to 
the injection points at the inlets of these 
beds by the controllers in order to hold 
the temperature at the outlet of the beds 
at the prescribed maximum temperJiture. 
SO Later, as the top beds decline in activity, 
the amount of quench injection to the 
. lower beds will be automatically 
increased. 

By operating in this manner, charge 
25 stocks can be employed which contain a 
greater concentration of olefins than here- 
tofore has been feasible. Whereas previ- 
ously the maximum practical concen- 
tration of Oa — C4 olefins in the charge 
iO was about 35%, even when using st-abi- 
lizer overhead as a recycle quench 
stream, the present process will x^ermit. 
concentrations of olefins up to about 4:9% 
when charging C3 olefins and up to about 
tt 82% when charging C4 olefins, with con- 
centrations intermediate of these limits 
for the Ca — C4 olefin misHnires. 

In order to exemplify the specific 
operation of the subject process and its 
40 preferred form and application, reference 
IS made to the accompanying drawing 
ahd the following detailed description 
thereof. The specific embodiment des- 
criljed hereiixaftei? is given by way of 
4§ example and is not to be construed as a 
limitation either upon the particular 
apparatus or conditions employed, except 
aa specificEilly indicated in the light of 
the previous disclosure. 
M The preferred feed introduced iato the 
system through line 1 is a^ Ca — olefin 
stream obtained from vapor recovery 
systems of conventional petroleum pro- 
cessing operations as, for example, a 
55 cracking operation. This feed is pre- 
pared for polymerization by subjecting it 
to a water wash in order to remove nitro- 
gen, compounds which are deleterious to a 
phosphoric acid catalyst. After water 
60 washing and settling, the feed streana 
temperature is normally around 80 — ^100° 
P. and may be in a liquid or partial 
vapour state, depending upon the particu- 
lar olefin concmtrations, the amount of 
65 low molecular weight components in the 



feed, and the pressure on the stream- 
Prior to introduction into the svist^m, the 
feed stream is pressurised to substantially 
the operating pressure of the reactor, 
which, in this case, may range from 200— 70 
1000 psig, and preferably about 300 
psig. , , , 

In this embodiment the gressunzed 
water-washed feed stream is iqtroduced 
at about 85" P. A portion of the feed 75 
stream passes through the heat exchanger 
2, wherein the temperator^ of the feed 
is raised to about 300** F. by means of 
heat supplied from the neutralized poly- 
merization product. The pre-heated feed 80 
at about 300° F. is introduced into iJie 
inlet of the reaotor 4 through Hue 3. The 
reactor column 4 contains a solid bed of a 
phosphoric acid film catalyst and specific- 
ally a phosphoric acid film adsorbed upon Sb 
an inert, non-porous support, such as 
quartz chips. These quartz chips are pre- 
ferably of a 28 — 35 mesh size, and the con- 
centration of the phosphoric acid film is 
at least 97%, and is preferably main- 90 
tained at about 103 — 10&%. 

A second portion of the feed stream by- 
passes the heat exchanger through liue 5 
and is divided by suitable valves into the 
cold feed injection lines 6, 7, 8 and 9, 95 
which introduce the cold feed into the 
reactor 4 by means of the corresponding 
distributors 10, 11, 12 and 13, These dis- 
tributors are located directly within the 
catalyst bed and may be in the form of 100 
any suitable means to eSect the introduc- 
tion of quench feed over as wide an area 
as possible. As previously noted, the num- 
ber of cold feed injection points will vary 
with the size of the reactor, the olefin 105 
concentration of the feed, the desired 
avei*age temperature in the beds, and the 
allowable temperature rise through tlie 
catalyst bed and /or between injection 
points. There are at least two injection HO 
points, and generally from 3 to> 6 injec- 
tion points nepessaxy in t&e conventional 
polymerisation uiiits of commercial size. 
For a feed containing about 44'% mixed 
C3 — C4 olefins, three quench points wiU ii§ 
suffice to keep the reactor temperature : 
between 300" F. and 400" F. 

For normal operationj the preheated 
feed is introduced at about 300" F. and 
the allowable temperature rise between 120 
. the injection points and throug*h the cata- 
lyst bed is controlled to 100^ F. Thus 
temperature is allowed to rise to about 
400" F., at which point sufiacient cold 
feed is introduced to quench back to 300* 125 
F. The distribution balance of preheated 
feed and cold feed quench to tbe various 
injection points, as well as the catalyst 
temperature control throughout the reac- 
tor, is attained hy an automatic tempeira- 130 
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tare coiitrol system actuated by the 
tkeiaaocouples 14, 16, 16, 17 and IS dis- 
placed witiiin tlie catalyst bed immedi- 
ately preceding tile four cold feed queacii 
5 distributois and tte outlet of tiie reactor. 
These thermocuples are connected to 
tempexatoxe controllers 19, 20, 21, 22 and 
23, respectively J wBicli automatically 
operate valves 24, 25, 26, 27 and 28, res- 
10 pectively. 

As the preheated feed passes through 
the first catalyst bed, the desired tem- 
perature at the outlet of the £rst catalyst 
bed is controlled by thermocouple 14, 
15 which operates temperature controller 19, 
whidh in turn controls valve 24. This 
valve is placed in a bypass line 29, which 
ahiOLts the preheater 2 as required to 
maintain ihe desired temperature at 
20 thermocouple 14. - Particularly, when 
operating with a fresh catalyst diarge, it 
may be necessary to lower the inlet tem- 
perature well below the normal of 300 
aujd perhaps even as low as 250* P. in 
25 order to provide that the temperature at 
the thermocouple 14 does not exceed 400* 
P. The amount of cold feed quench 
injected through the distributor 10 at the 
top of the second bed is controlled by the 
30 outlet temperature of the bed at thermo- 
couple 15 and its associated temperature 
controll-er 20. The temperature controller 
20 is set to maintain the o-utlet tempera- 
ture at P. and controls the amount 
35 of cold feed quench by means of valve 25 
in injection line 6. Each of the subse- 
quent graduated beds is maintained in 
balance through its respective tempera- 
tare controllers 21, 22 and 23. The con- 
40 trol system maintains a uniform balance 
throughout ihe polymerization unit and 
is xmiformly flexible to allow for any 
changes in olefin concentration of the 
feed and catalyst activity decline. 
45 The volume of feed going through the 
preheater is that which is not taken up 
by the cold feed quench stream, and thus 
the distribution between preheated feed 
and cold feed quench is varied automati- 
60 cally as necessary. Eor example, when the 
catalyst is in a highly active state, the 
degree of conversion and, hence, the 
amount of heat released, will be higher 
' than normal so that the total amount of 
55 quench injectiou required will be greater 
than normal; whereas, as the catalyst 
begins to decline in activity, less of the 
feed is injected a'S quench and greater 
amounts are preheated and passed through 
QQ the entire reactor. Likewise, the distri- 
bution of cold feed quench to the various 
beds is varied automatically with time. 
Por example, with a fresh*^ catalyst, the 
amount of* reaction occurring in the first 
65 l>eds will be greater than normal, which 



requires that a greater proportion, of cold 
feed quench be distributed to the inlets- of 
these beds by the controllers in. order to 
T^m ?^"S^-r^ ^^<5rm outlet temperature of 
4U0 F. Later, as the top beds decline in 70 
activity, the amount of quench to the sub. 
sequent beds will be automatically 
increased. The polymerized product con- 
sisting in this .embodiment of the dimers 
and trimers is withdrawn from the reactor 75 
through line 30 and passes to a limestone 
neutralizer 31, wherein traces of entrained 
phosphoric acid are neutraliaed. The 
neutralized product then passes through 
line 32 into heat exchange with ike 80 
incoming feed and thereafter to the 
recovery system. 

The application of this cold feed injec- 
tion to control the temperature in a poly- 
nierization process is critical to the use 85 
of a phosphoric acid fihn type of catalyst 
wherein the catalytic agent is adsorbed 
upon an inert, non-porous support. As 
previously noted and clearly evident, cson- 
siderable amounts of cold feed are 90 
required to maintain a temperature 
balance on the system, particularly when 
using a feed containing high olefin con- 
centrations In order to marotain this t'Sn- 
perature balance, it becomes necessary to 95 
inject sufficient cold feed quench to lower 
tfie temperature considerably below 300' 
Z\ catalysts at temperatures 

below 300' P. absorb the water from the 
teed and become considerably diluted 100 
When operating with the phosphoric acid 
him catalyst on a" non-porous support, the 
only effect at these law temperatures 
woold be a temporary reduction in 
actavi^, which aids; in temperature con- 105 
troi. However, when operating with an 
rmpregnated porous type of catalyst, the 
overhydration causes a softening- of the 
catalyst pellets, with results crushing of 
the catalyst and plugging of the reactor, lin 

1 he foregoing specific embodim^t of 
tile invention process has been described 
m connection with the production of poly- 
mers boiling within the- gasoline boiling 
rang;e. It is to be understood that the 115 
specific details described and shown in the 
drawing do not purport to illustrate aD 
the processing and apparatus detail neces- 
sary in commercial operation and, accord- 
ingly, may be modified within the skill 120 
ot -Uhe art for the specific type of iostaUa- 
tion desired. 

It is to be understood that whilst refer- 
ence has been made above to a cold^' 
olefinic charge, this term has only been 125 
used in a relative fashion to distinguish 
from the preheated charge. The cold " 
charge may itself be at an elevated tem- 
perature which is, of course, below that 
of the preheated charge. iqq 
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What we claim is : — , 
1 A process for producing polymers of 
normaUy gaseotis olefin liydrocarboBfi 
which comprises passing a preiieatea 

5 charge of said olefins through a catalytic 
reaction jzone wherein the catalyst consists 
of a film of phosphoric acid adsorbed on 
a non-poious, inert support maintamed 
under polymerizing conditions, introduce 

li ing an olefinic charge having a tempera- 
ture below that of the preheated charge 
at a plurality of intermediate positionB 
within said catalytic reaction zone and 
controlling the polymerization reaction 

15 temperature throughout the catalyst zone 
by the injectiou of controlled quanities 
of said olefimc charge at each of th-e 
intermediate injected positions. ^ 

2. A process as claimed in claim 1, 
20 wherein the fiow of olefinic charge to each 

of the intermediate positions within said 
catalytic, reaction zone is automatically 
controlled by temperature controllers 
actuated by temperature-measuring 
25 devices dispersed within the catalyst zon^. 

3. A process as claimed in claim 1 or 2, 
wherein the olefinic charges contain at 
least 35% of said olefins. 

4. A process as claimed in claim 1 or 
30 wherein the olefinic charges are water- 



washed prior to their passage through the 
catalytic reaction zone, 

5. A process as daimed rrt any preced- 
ing claim, wherein the preheated charge 
is ixeated to a temperature substantially 35 
within the range 250 to 400' F. and the 
polymerization is efiected in a ^^atalytic 
reactor at a pressure greater th^ui IpO 
psig, the injection, of controlled quantities 
of olefinic charge Deing controlled so as to 40 
allow a maximum of about loO" F. tern* 
perature rise between injection poiuts 
within the reactor and the outlet ot the 

reactor. , . , « 

A process for producing polymers ot 45 
normally gaseous olefin hydrocarbons sub- 
stantially as hereinbefore described, with 
reference to the accompanying drawing. 

7. Polymers of normally gaseous olefin 
hydrocarbons when produced by the pro- 50 
cess claimed in any of the preceding 
claims. 

Dated the 9th day of March, 1951. 
HASEIiTINB, LAKE & CO., 
28, Soutiiampton Buildings, 
London, W.C.2, and 
19 /25, West 44th Street, 
New York, TJ.S.A., 
Agents for the Applicants. 
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